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Supplementary Table 1 The refined structure of the pristine Li1.2Mno.54C00.13Ni0.1302 using the

XRD data.
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Supplementary Figure 1. A schematic illustration of synchrotron nano-tomography technique is
shown on the left. Two-dimensional projection images of several randomly selected particles are
shown on the right.
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Supplementary Figure 2. The measured X-ray absorption spectra of various transition metal
oxides. The dash line corresponds to the half-height of the normalized edge jump (edge position).
Fully charged NMC in the left panel refers to LiNizsMn13C01302 charged to 5.3 V to ensure full

delithiation.
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Supplementary Figure 3. The edge positions (defined as half height energy) of various nickel
oxides. Fully charged NMC refers to LiNiwsMn13Co01302 charged to 5.3 V to ensure full

delithiation.
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Supplementary Figure 5. The edge positions (defined as half height energy) of various cobalt
oxides.
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Supplementary Figure 6. First cycle charge profile (upper panel) and in situ XAS of Ni, Mn, and
Co during the 1% cycle charge process (lower panel). Orange to red spectra correspond to the

charge process before the 4.5 V plateau and the light blue to dark blue spectra correspond to the
4.5V plateau.
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Supplementary Figure 7. Synchrotron nano-tomographic data on Li-rich layered cathode
particles that were cycled for 50 times under a rate of 0.5C. Cracks (see back arrows) are observed
in both the 3D rendering on the left and selected 2D virtual slices on the right. It worth pointing
out that the cracks are not confined to the particles’ core regions and propagate through the multiple
shell layers.



